From the genomic library of Brevibacterium ammoniagenes ATCC6872, the purE locus encoding S-phosphoribosyl-Saminoimidazole (AIR) carboxylase (EC 4.1.1.21) was cloned and its nucleotide sequence was determined. From the sequence analysis, two distinct open reading frames (ORFs) in the sequence of the purE locus were identified as purK and purE genes ( purK-purE). An in vivo translation experiment reconfirmed the purK and purE genes to be independent. The genomic organization in the purE locus of B. ammoniagenes is opposite to that of the bacteria Escherichia coli and Bacillus subtilis. However, it coincides with the fused genes (purKE) of higher organisms Saccharomyces cereuisiae, Schizosaccharomyces pombe and Vigna aconitifolia. This suggests that the purE locus might be an intermediate form for genomic evolution of bacteria to higher organisms.
Introduction

Breuibacterium ammoniagenes
is an industrial microorganism used for the production of amino acids and nucleotides as flavour-enhancing agents. The enzyme genes responsible for de novo synthesis of purine nucleotides have been investigated in E. coEi [l] and B. subtilis [2] . In an attempt to elucidate the genes involved in the biosynthetic pathway of the purine nucleotides in B. ammoniagenes, we have identified a clone which rescued an auxotroph, hypoxanthine-requiring mutant. We herein report the nucleotide sequence and genomic organization of the purE locus of B. ammoniagenes. t&wr.s was used as described previously [4] . was derived from wild-type strain ATCC6872 by
Materials and methods
The chromosomal DNA was isolated from B. N-methyl-N-nitro-N'nitrosoguanidine (MNNG) muammoniagenes ATCC6872 and partially digested tagenesis. General E. colt' culture and recombinant with Srru3AI. The digested fragments ranging from I DNA techniques were performed as described by to 5 kb in size were ligated to BamHI-digestedand Clones that rescue hxp1205 were screened and plasmid DNAs were prepared and analyzed.
Appropriate DNA fragments from the recombinant plasmid were subcloned into multifunctional phagemids pT7T3 18U and pT7T3 19U (Pharmacia) and the nucleotide sequences were determined on both strands. The DNA and deduced amino acid sequences were compared to entries in the GenBank and Swiss-Prot databases using the facilities of the BLAST.
In vivo translation of purE locus was carried out by maxicell analysis [6] .
Results and discussion
Cloning of purE locus to purE mutants of E. coli and its complementation
A clone which complemented to a hypoxanthinerequiring mutant B. ammoniagenes hxp1205 was selected, and the sequence of a 2582 bp genomic fragment in its plasmid pPR13 was determined (Fig.  1) . From the sequence analysis, two ORFs were identified as purK and purE genes by comparing the DNA and the deduced amino acid sequences with those of other organisms [2, . In addition, putative Shine-Dalgamo (SD) sequences, AGAG ( -14) and AAGG ( -7) upstream of purK and purE, respectively, were found and shown to be similar to other SD sequences reported in Breuibacterium spp.
[lo]. However, no evident RNA polymerase binding domain at the -35 region of purK and purE could be identified.
Instead the -10 region of purE could be deduced from the sequence analysis.
The amino acid sequences of purK and purE of
B. ammoniagenes
were shown to have some homology to those of E. coli [6] , B. subtilis [2] , S. cerevisiae [7] , S. pombe [8] and V. aconitifolia [9] with sequence identities of 18. 3-24.1% and 43.2-55.6%, respectively. The purE gene possesses higher homology to those of other organisms than purK. It indicates that purE might be essential to the catalytic activity of AIR carboxylase. The 2.7 kb genomic fragment ( purK-purE), purK and purE from plasmid pPR13 were subcloned into phagemid pT7T3 18U to give pTKE27, pTK17 and pTE21, respectively. It was found from the complementation experiments that the plasmid pTKE27 carrying purK-purE and the plasmid pTE21 carrying purE rescued purE defective mutants, E. coli DCSP22 and NK6051, while the plasmid pTK17 carrying purK complemented to only E. coli NK6051 (Fig. 2) . This rendered reconfirmation of the catalytic functions of in purine biosynthesis.
In order to ascertain ORF, in vivo translation kDa 1 2 3 purK-purE or purE genes purE as an independent by maxicell [6] harboring Fig. 3 plasmid pTKE27 was attempted to yield the put-E gene product (18 kDa) (Fig. 3) . The presence of an 18 kDa gene product (Fig. 3) clearly indicated that put-E functions as an independent ORF.
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Organization of purK-purE genes of B. ammoniagenes
It was found that the order of purK-purE of B.
ammoniagenes was different from purEK found in B. subtilis [2] and E. coli [6] (Fig. 4) . However, this order coincided with the corresponding genes of S. cereuisiae [7] , S. pombe [S] and V. aconitifolia [9] ( Fig. 41 , in which purK and purE genes were fused. Such a genomic organization of put-E locus could be explained as an intermediate form in the genomic evolution of purEK to purKE. Therefore, B. ammoniagenes might be an evolutionary intermediate from bacteria, E. coli and B. subtilis to higher organisms, S. cerec>isiae, S. pombe and V. aconitifolia.
